CLAIMS 



What is claimed is: 

S 1 . A system for automatically orienting a spherical object using a reference indicium on 
the spherical object, comprising: 

means for automatically locatii^ and defining a position and two-dimensional 
orientation of the reference indicium; and 

means for automatically orienting die spherical object by sequentially rotating the 
10 spherical object from the defined position and two-dimensional orientation determined by 
the automatic locating means through predetermined angles so that the reference indicium of 
die spherical obj ect has a predetermined final portion and two-dimensional orientation 
wherein a target point on the spherical object* which has a predetermined spatial relationship 
to die reference indicium, is prepositioned for fiirlfaer processing. 

15 

2. The system of chum 1 wherein the automatic locatipg and defining means comprises: 

« 

first and second locating woric stations, eadi of the first and second locating work 
stations having an axis of rotation and being optative to rotate the si^ierical object about the 
axis of rotation; 

20 transposing means for conveying the spherical object between the first and second 
locating work stations in such maimer that the spherical object is rotated through a single- 
degree of fi:eedom by 90 degrees between the first and second locating work stations and 
between the secord locating work station and die orienting means, respectively; 

an hnaging system operative to generate an image of the spherical obj ect at each of the 

25 first and second locating work stations as the spherical object is rotated about the axis of 
rotation of the first and second locatiiig work stations dnough at least one revolution, 
respectively; and 

calculating means for processing die image of the spherical object generated at the first 
and second locating work stations, respectively, to locate and identify the defined position 
30 and two-dimosional orientation of die reference indicium and to determine die 
predetermined angles for rotation for the spherical object hy the orienting means. 
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3. The system of claim 2 wherein 

the calculating means is operatiye to process the image of the spherical obj ect generated 
at die fiurst locating woric station to identify a coaise position and two dimensimi orimtation 
of the reference indidum at the first locating woik stationand to detennine anangie of 
5 rotation for the spherical object at the first locating station; and wherein 

the first locating work station means is operative to rotate the spherical object about the 
predetermined angle to move the spherical obj ect to a second position at the first locating 
woric station; and >^rein 

the transposing means is then operative to convey the spherical object to the second 
10 locating work station wherein the spherical object is rotated through the single-degree of 
freedom by 90 degrees such that the reference indicium is at the defined position and two 
dimensional orientation on the equator of tiie spherical object at the second locating wodc 
station. 



IS 4. The system of claim 2 wherem the 90 degrees smglcHlegree of fi»edom rotation 

jmvided by the transposing means between the first and second locatmg woik stations and 
the second locating wodc station and the orienting means is coplanar with the axes of 
rotation of the first and second locating work stations. 

20 S. The system ofclaim 2 wherein the imi^g system comprises: 

a first imaging means having an image axis perpendicular to the ^herical object at the 
first locating work station; 

a second imaging means having an image axis perpendicular to the spherical object at 
the second locating woric station; and 
25 whereinthefurstandsecondiniagingmeansareoperative to generate the image of die 
spherical object at the first and second locating work stations^ respectively. 

6. The system of claim 1 wherein die imaging system comprises: 
a single ima^g means; 
30 a first set of trurrors aligned to capture the image of the spherical object at the first 
locating work station fi>r the single imaging means; and 
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a second set of minors aligned to cs^tuie the image of the spherical object at the second 
locating work station for die single imaging means ; 

v/bim the single imaging means is operative, using the first and second set of aligned 
mirrors, to genorate the image of the sphmcal object at the first and second locating work 
5 stations, respectively. 

7. The systm of daim 1 wherein the automatic orienting means comprises: 

first, second, and third orienting work stations, each having an axis of rotation and 
bemg operative to sequentiaUy rotate flie sphoical object through one of the predetermined 

1 0 angles so ttat the reference indicium is transposed fiom the defined position and two* 

dimensional orientation at the first orienting woric station to the predetermined final positi<m 
and two-dimensional orientation at the third orienting work station A^erein the target point 
on the spherical object is prepositioned for further processing; and 

transposing means for conveying the spherical object between tiie first and second and 

IS second and third orienting work stations in such manner that the spherical object is rotated 
through the single-degree of fi:eedom by 90 degrees between tiie first and second orienting 
work stations and betwera the second and third orienting work stations, respectively. 

8. The system of claim 7 wfaerem tiie transposing means comprises: 

20 a first transposing mechanism pi votally mounted intennediate tiie first and second 

(menting work stations and operative to convey the spherical object fitom the first orienting 
work stittion to the second orioting work station in such manner that the s^bmcal object is 
rotated througih the single-degree of fi^eedom by 90 degrees; and 

a second transposing mechanism pivotally mounted intennediate the second and third 
25 orientmg wodc stations and operative to convey the spherical object from the second 

orienting work station to the third orienting work station is such manna: tiiat the spherical 
object is rotated tiirough the single-degree of freedom by 90 degrees; 

eadi of the first and second transposing mechanisms including a mechanical gripper. 

30 9. The system of claim 7 wherein the 90 degrees single-degree of freedom rotation 
provided by the transposing means between the first and second and the second and third 
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orienting woik stations axe coplanar with the axes of rotation of the first, second, and third 
orienting woric stations. 

10. A system for automatically orienting a spherical object using a refwence indicium on 

S the spherical object, comprising: 

first and second locating woric stations each having an axis of rotation and operative to 
rotate the qphmcal object about the axis of rotatioiu 

fiist, second, and third orienting worie stations each having an axis of rotation and 
optative to rotate the spherical object about the axis of rotation tiufough a predelemiined 

1 0 angle of rotation so tiiat the roference indicium at tiie third orienting woric station has a 
predetermined final position and two-dimensional orientation wherdn a target point on the 
spherical object, which has a predeteimined spatial relationship to the reference indicium, is 
prepositioned for further processing; 

transposing means for conveying the spherical object between die locating woric 

1 S stations and between the orirating woric stations in such manner that die spherical obj ect is 
rotated through a single-degree of freedom by 90 degrees each time tiie sphmcal object is 
convoked between adjacent work stations, respectively; 

an imaging system operative to generate an image of the spherical object at each of the 
first and second locating work stations as the spherical object is rotated about the axis of 

20 rotation of the first and second locating work stations, respectiveljr, and 

calculadiig means for processii^ die unages of the spherical object generated at tiie first 
and second locating woric stations to locate and identify a defined position and two- 
dimensional orientation of ti^ reference mdicium at die second locating work station and to 
determine die predetermined angles of rotation for the s[dierical object at the first, second, 

25 and third orienting work stations i^erein tiie reference indicium is rotated fixnn the defined 
position and two-dimoisional orientation at the first orienting work station to the 
predetermined final position and two-dimensional orientation at the third orienting woric 
station so that the target point is prepositioned for fiirther processing. 

30 11. The system of claim 10 wherein the second locating work station is equal to and 
functions as the first orienting work station. 
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12. The system of claim 10 vvhoDein the imagi^ 

a fiEst ima^ng means having an im^e a}ds peipe^ 
first locating wofk station; 
5 a second ipfi^ging means having an image axis perpendicular to the spherical object at 
the second locating work station; and 

wfa^tein the first and second ini^ging means are operative to generate the inu^e of the 
spherical object at the first and second locating work stations, respectively. 

13. Tlie system of claim 10 wherdn the imaging system cornprises: 
a single imaging means; 

a first set of mirrors aligned to capture the image of the spherical object at the first 
locating work station for tiie single imaging means; 

a second set of mirrors aligned to c^ture the image of the spherical object at the second 
locating work station for the single imaging means; 

wherein the single imaging means is opemtive, usu^ the first and second set of aligned 
minors, to cc^ture the image of the spherical object at flie first and second locating work 
stations, respectively. 

20 14. The system ofclaim 10 v^erein the 90 degrees sirigle-degree of fieedomrot^^ 

provided by the trani^sii^ means betweoi the locating work stations and the first, second, 
and tiiird orienting woric stations is coplanarwitfi the axes of rotation of the first and second 
locating work stations and the first, second, and third ori«ting work stations. 

25 IS. The system of claim 11 wfaerem the transposing means comprises: 

a first transposing mechanism pivotally mounted intermediate the first and second 

locating work stations and operative to convey the spherical object firom the first locating 

work station to the second locating work station in such maimer that the spherical object is 

rotated through the single-degree of fieedom by 90 degrees; and 
30 a second transposing mechanism pivotally mounted intermediate the first and second 

orienting work stations and operative to convey the spherical object firom the first orienting 
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work station to the second orienting work station in such manner that die sphoical object is 
rotated thioiig|i the single-degiree of fieedom by 90 degirees; and 

a third transpodng mechanism pi votally mounted intermediate the second and third 
orienting woik stations and operative to convey the ^herical object from the second 
S orienting woric station to the third orienting woric station in such manner tiiat the spherical 
object is rotated through the single-degree of fieedom by 90 degrees 

16. The system of claim IS wherein the 90 degrees single-degree of freedom rotation 
provided by the transposing means between the first and second locating work stations, the 

10 first and second orienting woric stations, and the second and third orienting work stations is 
coplanar with the axes of rotation of tfie locatii^ work stations and the orienting woric 
stations. 

17. The system ofclaim IS i^Aietein each offiie first, second, and tiiu^ 

15 mechanisms includes a mechanical gripper dimensioned to mechanically engage the 
spherical object. 

18. The system ofclaim 15 fiirther comprising a motor means, and wherein each of 

first, second, and third transport mechanisms is connected to a beam fimctionally connected 
20 to the motor means wherein the first, second, and third tranq)ort mechanisms are pivoted 
through tfie 90 degrees single-degree of fiieedom simultaneously. 

19. The system of claim 10 >^erein each ofthe first and second locating work stations and 
the first, second, and third orienting work stations comprises: 

25 a bottom cup dimensioned to hold the spherical object; 

means for engaging the spherical object in combination with the bottom cup; and 
means for rotating the bottom cup with the spherical object engaged in combination 
therewith about the corresponding aids of rotation. 
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20. The system of claim 19 >^ieiein the meam for en^ 

comhiiiation with the bottom cup for lotation thereof about the conesponding axis of 
rotation comprises a vacuum. 

S 21. The system of claim 19 \^ieiein the means for engaging the spheri 

combination vith the bottom cup for rotation thereof about the conesponding axis of 
rotation comprises a shaft having attached thereto an opposing upper cup and operative to 
move the opposing upper cup to physically engage the spherical object in combmation with 
the bottom cup. 

10 

22. The system of claim 10 wherein 

the calculating means is operative to process the image of the spherical object generated 
at the first locating woric station to identify a coarse position and two-dimensional 
orientation of die reference indicium at the first locating work station and to deteimine an 
1 5 angle of rotation for the spherical object at die first locating work station; and wherein 

the first locatmg woric station is operative to rotate the s^dierical object through the 
predetermined angle herein the reference indicium is moved fix)m die defined coarse 
position and two-dimensional orientation to a second defined poation and two-dimensional 
orientation at the first locating work Nation; and wherein 
20 the transposing means is operative to convey the spherical obj ect fimn the first locatmg 
woric station to the second locating woric station wherein the sph^cal obj ed is rotated 
tiirough a single-degree of fi:eedom by 90 degrees such that the reference indicium of the 
spherical object is located at the defined position and two-dimensional orientation at the 
second locating work station. 

25 

23. The system of claim 10 wherein: 

the first orienting work station is operative to rotate the spherical object through one of 
tfie predetermined angles of rotation such the reference indicium of tiie spherical object is 
moved fit>m the defined position and twonlimensional orientation at the first orienting work 
30 station to a first reference position and two-dimensional orientation at the first orimting 
work station; and wherein 
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the txBnsposing means is tbea operative to convey ttie spherical object fiom the first 
orienting woric station to the second orimting woric station so that the reference indicium is 
moved to a second reference position at tte second orienting woric stadrni; and wherein 

tiie second orienting woric station is operative to rotate tiie spherical object diroug^ 
5 anoth^ of the predetermined angles of rotation such the refmnce indicium of the spherical 
object is moved fiom the second reference position and two-dimensional orientation at the 
second orienting work station to a third reference position and two-dimensional orientation 
at die second orienting work stadon; and \^1ierein 

the transposing means is then operative to convey the spherical object fiom the second 
1 0 orienting work station to the third orienting work station so that the reference indicium is 
moved to a fourth reference position at the third orienting work station; and wherein 

the third orienting woric station is operative to rotate the sph^cal object through yet 
another of the predetermined angles of rotation such the reference indicium of the spherical 
object is moved fiom die fourth reference position and two-dimensional orimtadon at the 
1 S diird orienting work station to the predetermmed final reference position and two- 
dimensional orientation at die diird orienting work station such that the target point on the 
spherical object is prepositioiied for further processing. 

24. The system of claun 23 wherdn the one, another, and yet anod:ieriffed 

20 of rotation implemrated by the first, second, and thud cnienti]^ work stations, respectively, 
comprise Euler angles of rotation .phi, .dieta plus an additional 90 degrees, and .psi, 
respectively. 

25. A method of automatically orienting a spherical object using a reference indicium on 
25 the ^herical object so that a target point, which has a predetermined spatial relationship 

with the reference indicium, is prepositioned for fiuther processing, comprising the steps of: 
locating and defining a position and two-dimensional orientation of the reference 

indicium on the spherical object; 

calculating, based on the defined position and two-dim^ional orientation of die 
30 reference indicium, predetermined angles of rotation for the spherical object to move the 
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reference indicium from the defined position and two-dimensional orientation to the 
predetermined final position and two-dimensional orientation; 

rotating the spherical olg ect at a first orienting work station through one of die 
predetermined angles of rotation to move the reference mdidum fiom the predefined 
S position and two-dimensional orientation to a first reference position and orientation at the 
first orienting work station; 

conveying tfie sphfidcal object 6om the first orientmg work station to a second 
orinting work station in a manner such that the spherical object is rotated through a sm^e- 
degree of fiieedom by 90 degrees ^lerein the reference indicium is at a second reference 
1 0 position and two-dimensional orientation at tte second orienting work statioi^ 

rotating the spherical obj ect at the second orienting work station through another of the 
predetermined angles of rotation to move the reference indicium fix>m the second reference 
position and two-dimensional orientation to a third reference position and two-dimensional 
orientation at the second orienting work station; 
1 S conveying the spherical object fiom the second orienting woric station to a third 

oriffl^ting woik station in a manner such that the spherical obj ect is rotated through a single- 
degree of fi:eedom by 90 degrees wherein the reference indicium is at a fourth referrace 
position and two-dimensional orientation at the third orientmg woric station; and 

rotatmg tfie spherical obj ect at fiie third orientmg work station through yet another of 
20 the predetermined angles of rotation to move the reference indicium fix>m the fourth 

reference poation and two-dimensional orientation to the predetermined final position and 
two-dunensional orientation at the third orientmg work station wfaerem ^ target point is 
piepositioned for fiirther processmg. 

25 26. The mediod of claim 25 wherem the stq> of locatmg the defined porition and tw^ 

dunensional orientation of the reference indicium on the spherical object comprises the steps 
of: 

providing the spherical object having a random position and two-dimensional 
orientation of the reference indicium at a first locating work station; 
30 imaging the spherical object at the first locating work station; 
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detemuning a coarse position and two-dimensional orientation of the reference indicium 
using the generated image; 

calculating an angle of rotation for the spherical object at the first locating work station 
using the generated image; 
S rotating the sphericd object through ihe calculated angle of rotatio 

reference indicium fixnn the coarse position and two-dim«sionaI orientation to a second 
position and two-dimensional orientation at the first locating woric station; 

conveying the spherical object fiom the first locating work station to a second locating 
work station in a manner such that the spherical object is rotated through a single-degree of 
10 fi:eedom by 90 degrees wherein the reference indicium is at the defined position and 
orientation at the second locating woric station; 

imaging die spherical object at the second locating work station; and 

locating and defining the defined position and two-dimensional ori^itation of the 
reference indicium of the sfdxerical object at the second locating work station using the 
IS gmerated image. 

27. A system for imaging the sur&ce of a spherical object, comprising: 

a first woric station having an axis of rotation and operative to rotate the sphorical object 
about the axis of rotation, and wherein a plane of the spherical object perpendicular to the 
20 axis of rotation is defined as the rotational plane of the sphmcal object at tfie first woric 
station; 

a second woric station having an axis of rotation and operative to rotate the spherical 
object about the axis of rotation, and wherein a plane of the spherical object perpradicular to 
the axis of rotation is defined as the rotational plane of the spherical object at the second 
25 work station; 

transposing means for conveying the spherical object fix>m the first work station to the 
second work station in such manner that the spherical object is rotated through a single 
degree of fineedom by 90 degrees wherein the rotational plane of the spherical object at the 
first working station is rotated through an angle of 90 degrees such that the rotational plane 
30 defined by the spherical object at the first woric station is perpendicular to the rotational 
plane of the spherical object at the second work stafioi^ and 

RCARM)01.US . 34 of 37 

EV1U871116US 

LOUff3706S76 



an imaging system positioned and operative to genoate an image of the sui£ace of the 
^herical object at eadi of the first and second woric stations; and wherein 

the imaging system is operative to genoate a first image of the sur&oe of tlie spherical 
object as ttie spherical object is rotated through at least one complete revolution about the 
5 axis ofrotattonoftfae first work station; and wherein 

the imaging system is opoative to generate a second image of the sur£sice of the 
qdierical object as the spherical object is rotated tfnough at least one complete revolution 
about the axis of rotation of the secmid work station. 

10 28. The system ofdaim 27 ^^^rein the imaging system conqnrises: 

a first imaging means having an image axis perpendicular to the ^herical object at the 
first work station and operative to generate the first image of the surfiu^e of the spherical 
object; and 

a second imaging means having an image axis perpendicular to the spherical object at 
IS the second work station and operative to generate the second image of the surface of the 
spherical object. 

29. The systonofclaim 28 ^ndierein the first and second imaging means are line sensor 
cameras. 

"2^. The system ofclaim 27 wherein die imagiiig system con^yrises: 
a single imaging means; 

\ * \^^^L^ a first set ofmiriorsaUgned to ci9)ture the first image of the spherical objM^ 
work station fw the single imaging means; and 
25 a second set of mutors aligned to cs^yture die second unage of the spherical object at the 
second work station for the single imaging means. 

3€L The system of claim 29 wherein the single imaging means is a line sensor camera. 
30 71. The system of claim 27 >^ieiein the transposing means c<mipri 



20 
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a transposing mechanism pivotally mounted intermediate the first and second work 
stations for conveying tfie spherical object from the first work station to the second work 
station, the transposing mechanism including a mechanical gripper that is dimensioned and 
operative to hold the s|diaical object to ccmv^yance thmof fiom the first work station to the 
second work station. 



"32^ "The system of claim 27 fiirdier comprising: 

means for converting die first and second inures of die sur&ce of the spherical object 
to a virtual image; 

electronically-stored reference data representing a standard graphical configuration of 
the surfiace of the spherical object; and 

means for comparing the virtual image of die first and second images of the surface of 
the spherical object to the electronically-stored reference data representing die standard 
gr£y>hical configuration of the sur&ce of the spherical object to detect any discrepancies 
therebetween. 
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